The establishment and maintenance of anaplasmosis-free cattle herds is impaired due to the lack of a rapid, sensitive, and specific serologic test to detect persistently infected cattle which serve as carriers for the organism. To 
The prevalence of the disease and the lack of effective control measures are responsible for anaplasmosis remaining, along with trypanosomiasis, babesiosis, and heartwater, the most severe constraint to livestock production in tropical and subtropical regions (20) . The disease, originally de- scribed by Theiler in 1910 , is characterized by a severe anemia associated with intraerythrocytic parasitism by the rickettsia, Anaplasma marginale (30) . After biological or mechanical transmission by arthropod vectors, there is a prepatent period of 20 to 40 days, followed by an acute phase during which parasitemia rapidly increases and severe anemia occurs (24) . Dramatic weight loss, abortion, and death can occur during acute infection (1) . Cattle which recover from acute disease remain persistently infected with lowlevel parasitemia and serve as reservoirs for transmission of the organism (27) .
Serologic diagnosis of infected cattle is required to identify, isolate, and treat the animals to clear the infection and to prevent transmission to susceptible cattle (21, 24) . Current diagnostic tests used to detect infected cattle are complement fixation, capillary tube agglutination, rapid card agglutination, and indirect immunofluorescence assays (8, 14, 17, 18, 31) . The antigen in all presently used tests is a crude mixture of A. marginale and erythrocyte membranes (10, 11) . Consequently, these assays give up to 20% falsepositive and 21% false-negative results in both acutely infected and convalescent cattle and false-negative results in persistently infected (carrier) cattle (4, 8, 18, 31) . In addition, the complement fixation test is complex and laborious, and the rapid card test requires exogenous addition of conglutinin and testing within 48 h of serum collection (2, 4) . Improved serologic diagnosis of infectious diseases can be achieved by selection of an antigen(s) both specific to the infectious agent and common to all strains of the organism and by development of a serologic assay based upon a sensitive detection system for this antigen(s). Current biochemical and immunological techniques can be used to rapidly screen the large number of antigens in an organism to select specific antigens meeting defined criteria. We propose to identify one or more A. marginale proteins recognized by immune cattle sera and to isolate the protein for use in an enzyme-linked immunosorbent assay for serologic diagnosis of anaplasmosis. This protein(s) will be selected based on the following criteria: (i) high antigenicity in all stages of infection from acute disease through persistent infection and (ii) high antigenicity regardless of the isolate used to infect the cattle. The first criterion is necessary to provide sensitive diagnosis of all cattle harboring the organism. The second criterion is required because there are morphologic, structural, and antigenic differences among various A. marginale isolates, and an effective assay requires detection of all isolates (5, 12, 13, 19) . In this paper we report the identification of an A. marginale protein fulfilling these criteria and define a method for selection of diagnostic antigens with broad applicability to other infectious diseases.
MATERIALS AND METHODS
Cattle sera. Holstein cattle, seronegative to A. marginale by the complement fixation test, were inoculated with infected erythrocytes of either the Florida (six animals), North Texas (three animals), or Virginia (four animals) isolates. The structural and antigenic differences between these isolates have been described previously (5, 19) . The cattle were monitored for infection by examination of Wrightstained blood smears for intraerythrocytic parasites, determination ofpacked cell volume, and clinical appearance. Sera were drawn at intervals from 30 days postinfection (DPI) through 255 DPI, representing acute infection through persistent infection. All sera were frozen at -30°C until use.
[35S]methionine radiolabeling ofA. marginale. A. marginale initial bodies (Florida isolate) were radiolabeled with
[35S]methionine during short-term in vitro erythrocyte suspensions as described previously (5) . We have previously demonstrated that the radiolabel incorporates exclusively into the A. marginale initial body when this procedure is used (5). Briefly, blood was drawn from splenectomized calves during ascending parasitemia in acute infection, washed in Hanks balanced salt solution with removal of the buffy coat after centrifugation, and diluted into Eagle minimal essential medium without methionine (10% fetal bovine serum, 2 mM L-glutamine, 100 U of penicillin per ml, 100 g of streptomycin per ml 23, 1986 [35S]methionine-or '25I-radiolabeled A. marginale proteins was performed by a modification of a described technique (26) . The disrupted, radiolabeled A. marginale were centrifuged at 135,000 x g for 60 min, passed through a filter (pore size, 0.45 ,um), and sonicated at 100 W for 15 s, and 106 trichloroacetic acid-precipitable cpm was added to 2 ,ul of bovine serum and incubated at 4°C for 30 min. Rabbit anti-bovine immunoglobulin M (IgM), IgGl, and IgG2 (100 ,ul each) were added, and the mixture was incubated at 4°C for 30 min, followed by a similar incubation with 100 ,ul of 10% (vol/vol) protein A-bearing Staphylococcus aureus. The precipitates were washed six times with a buffer (pH 7.6) containing 20 mM Tris hydrochloride, 5 mM EDTA, 0.1 M NaCi, 15 mM NaN3, and 1.0% Nonidet P-40 and, for the first four washes, 2 M NaCI. The precipitated radiolabeled antigens were eluted by boiling the staphylococcus-bound complexes for 3 min in 50 ,ul of SDS-polyacrylamide gel electrophoresis sample buffer, followed by centrifuging at 1,000 x g (29) . The eluted radiolabeled antigens were either frozen at -30°C until use or applied directly to polyacrylamide gels.
SDS-polyacrylamide gel electrophoresis of immunoprecipitates and fluorography. The Fig. 1 . The following were used to immunoprecipitate the antigens: undiluted preinfection sera from animal NT-1 (lane 1) and NT-3 (lane 6); undiluted sera and 1:10, 1:100, and 1:1,000 dilutions of sera obtained from animal NT-1 at 37 DPI (lanes 2 through 5, respectively) and NT-3 at 103 DPI (lanes 7 through 10, respectively). See the legend to Fig. 1 for molecular size standards (arrows).
acid, followed by vacuum drying and exposure to X-ray film with Cronex Quanta III intensifying screens (Du Pont Co., Wilmington, Del.) at -70°C.
RESULTS
The levels of parasitemia and antibody responses, as measured by the complement fixation assay at various times postinfection for each of the animals infected with the different A. marginale isolates, are listed in Table 1 . The antibody titer, as measured in the complement fixation test, was initially high (>320 during acute infection at 30 to 60 DPI) but diminished as the infection became subclinical.
Undiluted sera taken at intervals from 30 through 150 DPI from Florida isolate-infected cattle immunoprecipitated numerous radiolabeled proteins with sizes ranging from <14 to >200 kilodaltons (kDa) (Fig. 1, lanes 6, 10, 15, 19, and 23 ). Sera at a 1:10 dilution consistently recognized four major proteins with sizes of 105, 86, 61, and 50 kDa and weakly recognized several other proteins (Fig. 1, lanes 7, 11, 16 , 20, and 24; Fig. 2 (Fig. 1, lanes 8, 12, 17, 21, and 25 ). The 1:1,000 serum dilutions from 30 through 150 DPI consistently recognized the 86-kDa protein (Fig. 1, lanes 9, 13, 18, 22, and 26) .
Several proteins were precipitated by undiluted serum or 1:10 or 1:100 dilutions of sera from cattle with chronic, persistent infections with the Florida isolate (255 DPI); however, at a 1:1,000 dilution, only the 86-and 15-kDa proteins were consistently recognized (Fig. 3) . Sera (Fig. 4) . The sera from cattle persistently infected with the Virginia isolate similarly precipitated the 86-kDa protein, as well as the 84-, 61-, 36-, and 31-kDa proteins at 1:100 and 1:1,000 dilutions (Fig. 5) . The 86-kDa protein was precipitated strongly at 1:100 dilutions but weakly at 1:1,000 dilutions (Fig. 5, lanes 9 and 10) . The 105-kDa protein was also weakly precipitated with the 1:1,000 dilution of the Virginia sera (Fig. 5, lanes 5 and 10) . Both North Texas and Virginia sera consistently recognized the 15-kDa protein at all serum dilutions.
The 105-, 86-, 61-, 31-, and 15-kDa proteins were solubilized after aqueous extraction of the Florida isolate-infected erythrocytes and were strongly precipitated with undiluted sera or 1:10 or 1:100 dilutions of sera from cattle persistently infected with Florida isolate (Fig. 6) .
The 105-, 86-, 61-, 36-, and 15-kDa proteins were labeled with surface radioiodination of intact, purified A. marginale initial bodies and were precipitated by sera from Florida isolate-infected cattle at both 1:10 and 1:100 serum dilutions (Fig. 7) . There was no reactivity of the sera with identically radiolabeled uninfected erythrocytes.
DISCUSSION
Current serologic tests for the diagnosis of A. marginaleinfected cattle, based upon a crude antigen mixture, do not meet the criteria of a rapid, sensitive, and specific test required to establish cattle herds free of anaplasmosis (18, 24) . To develop an assay of high specificity and sensitivity, we screened A. marginale proteins to select one or more that are: (i) highly antigenic in all stages of infection, including persistently infected cattle and (ii) recognized by sera from cattle infected with any of several antigenically different isolates. We initially used sera from Florida isolate-infected 1 Fig. 1 . The following were used to immunoprecipitate the antigens: undiluted preinfection sera from animals V-3 (lane 1) and V-4 (lane 6); undiluted sera and 1:10, 1:100, and 1:1,000 dilutions of sera obtained from animal V-3 at 119 DPI (lanes 2 through 5, respectively) and V-4 at 175 DPI (lanes 7 through 10, respectively). See the legend to Fig. 1 radiolabeled initial bodies were detergent disrupted and immunoprecipitated with sera from animal F-1. Undiluted preinfection sera (lane 2) and 1:10 and 1:100 dilutions of sera at 30 DPI (lanes 3 and 4, respectively) were used to immunoprecipitate the antigens. These sera were unreactive with identically radiolabeled uninfected erythrocytes. See the legend to Fig. 1 The methods we used to rapidly screen a large number of proteins to select a protein that is highly antigenic to the host, Anaplasma specific, and common among representative isolates of A. marginale have broad applicability to infectious agents in several classes and can be used to improve serologic diagnosis of infectious diseases in animals and humans.
